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A thermal model for the SOFIA cavity and telescope has been generated using COmMPputer programs
TRASYS (Thermal Radiation Analyzer System) and SINDA (System Improved Numerical
Differencing Analyzer). TRASYS was used to generate radiation couplings among the nodes and
the absorbed heat fluxes from the earth. The results of the TRASYS run and other inputs (thermal
mass, conduction, and convection) are used in SINDA to solve for steady state and transient

temperature distributions.

The model is based on the phase B design produced by Zeiss, Dornier, and Man, except the
insulation thickness and cooling air flow for the Nasmyth tube are increased (this is necessary in

order to meet the temperature requirements).

Fig. 1 shows the model generated by TRASYS. The cavity was simulated by a cylinder of 350 cm
radius and 440 cm length. A 75° section of the cylindrical wall is open to the ambient atmosphere.
The cavity opening is partially covered by a 88 cm strip which represents the shear layer control
ramp. Although Fig. 1 shows the Nasmyth tube and air bearing, these items were deleted in the
TRASYS run because they extend beyond the cavity envelope and tend to produce erroneous

results.

Other assumptions are listed below:

1. Cavity air recovery temperature is 233 °K.
2. Sky temperature (for radiation calculation) is 132.8 °K.
3. Earth radiation is 242.9 w/m2 with no reflected sunshine.
4. Cabin air temperature is 294.4 °K.
5. Air bearing mounting frame is stainless steel (phase B report did not specify material).
6. Insulation thickness (cm):
Bulkhead cavity side 10
Tracker & acq. cameras, gyT0. 2
Nasmyth tube interior g (phase B design: lcm)

Nasmyth tube exterior
7. Nasmyth tube cooling air flow rate is 1.5 kg/s. (phase B design: 1 kgfs)

Material properties are as follows:
1. Specific heat in w-hr/kg/k
CFRP

233
Aluminum 244
Zerodur 228
Invar 128
Stainless steel 128
2. Thermal conductivity in w/cmv/k
CFRP 28 in fiber plane, .013 perpend. to fiber
Aluminum 1.49
Zerodur 0164
Invar 107

Stainless steel .136



Insulation .0004
3. Emissivity
Mirror surface 0.05
All other surfaces 0.9
To simplify analysis, diffuse reflection is assumed for all surfaces.

Heat sources in watts:

Secondary mirror 74
Tracker camera 50
Acquisition camera 50
Gyroscope 67
Air bearing supply air 0 (assume same temp. as cavity air)

For convection heat transfer, the flow in the cavity is assumed to be turbulent, with velocites of 15
m/s, 10 m/s, and 5 nv/s for upper, middle, and lower sections of the cavity respectively. Natural
convection only is assumed for areas between primary mirror and mirror cell, air bearing and
support frame, and surfaces on the cabin side.

The model consists of approximately 280 nodes with node number breakdown as follows:

1 sky

2 cavity air

3 cabin air

4 heat leak through bulkheads

5 heat leak through air bearing

6 heat leak through Nasmyth tube

11-24, 31-34 cavity wall surfaces

25-28, 35-38 cabin wall surfaces

41 cavity floor

91-118 telescope barrel inside, above primary mirror
121-128 telescope barrel inside, below primary mirror
130-149 center piece outside (vertical)

150-159 center piece top

160-169 center piece bottom

171-184 center piece aft end

201-218 primary mirror

221-268 primary mirror cell

271-273 tertiary mirror and support

274 secondary mirror assembly

281-313 spiders

320-324 Nasmyth connection tube

331-340 Nasmyth tube

341-361 air bearing and supports

371-380 Nasmyth tube insulation surface
381-391 Nasmyth tube cooling air

400,401 acquisition camera (400) and skin (401)
410,411 macker camera (410) and skin (411)
420,421 gyToscope (420) and skin (421)
1001-1112 thermal junction nodes

Temperatures are given in degrees K, heat flow in watts.

Fie. 2 shows the steady state results, it indicates that except for the secondary mirror, the design

meets the SOFIA specifications. Temperature ranges for various components are listed below:

Caviry walls 2792°K - 234.7°K



Telescope barrel inside 229.6 - 233.0
Center piece 227.4 - 236.7
Primary mirror 232.7 - 2330
PM cell 230.8 - 2353
Secondary mirror assembly 236.8

Tertiary mirror & supports 229.6 - 230.1
Spiders 230.2 - 2312
Nasmyth tube 236.5 - 2849
Nasmyth connection tube 234.2 - 2371
Nas tube inside surface * 233.0 - 23438
Air bearing & supports 249.8 - 262.8
Cameras & gyro 250.3 - 2729

* considered the same as the cooling air temperature.

Heat leaks through the bulkheads, air bearing, and Nasmyth tube are
1760 w, 112 w, and 353 w respectively.

Fig. 3-5 show transient results. For the transient run, it is assumed that the SOFIA telescope was
initially cooled down to 243 °K and then subjected to a flight cavity environment of 233 °K. The
results show that the primary mirror cools down slowly, with time constant greater than 3 hr,
while the center piece and telescope barrel cool down rapidly, with time constants less than 0.5 hr.
Primary mirror cell, secondary mirror, Nasmyth tube, and air bearing all have fairly large ime

constants.

Distribution:

G. Thorley T041-3
J. Hirata T041-3
C. Wiltsee T041-3
D. Machak T041-3
S. Hubbard 244-10
G. Sarver 244-14
L. Chang 244-14

E. Dunham 245-6
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FIG. 3 SOFIA TELESCOPE TRANSIENT TEMPERATURE
MIRRORS, TELESCOPE BARREL
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FIG. 4 SOFIA TELESCOPE TRANSIENT TEMPERATURE
CENTER PIECE, PM CELL
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FIG. 5
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